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to Environmental Tobacco Smoke 
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Ruth A. Etzel, MD, PhD; Kurt R. Maurer, PhD 


Objective. —To estimate the extent of exposure of the US population to environ¬ 
mental tobacco smoke and the contribution of the home and workplace environ¬ 
ment to environmental tobacco smoke exposure. 

Design.— Nationally representative cross-sectional survey including question¬ 
naire information from persons aged 2 months and older (n=16818) and measure¬ 
ments of serum cotinine (a metabolite of nicotine) from persons aged 4 years and 
older (n=10642). 

Setting/Participants. —Participants in the Third National Health and Nutrition 
Examination Survey, October 25, 1988, to October 21, 1991. 

Results. —Of US children aged 2 months to 11 years, 43% lived in a home with 
at feast 1 smoker, and 37% of adult nor>-tobaeco users lived in a home with at feast 
1 smoker or reported environmental tobacco smoke exposure at work. Serum co¬ 
tinine levels indicated more widespread exposure to nicotine. Of non-tobacco us¬ 
ers, 87.9% had detectable levels of serum cotinine. Both the number of smokers 
in the household and the hours exposed at work were significantly and indepen¬ 
dently associated (Pc.OOl, multiple regression t test) with increased serum coti¬ 
nine levels. Serum cotinine levels of children, non-Hispanlc blacks, and males in¬ 
dicated that these groups had higher exposure to environmental tobacco smoke. 
Dietary variables showed no consistent association with serum cotinine levels, and 
dietar j contribution to serum cotinine level, if any, appeared to be extremely small. 

Conclusions.— The high proportion of the population with detectable serum co¬ 
tinine levels indicates widespread exposure to environmental tobacco smoke in the 
US population. Both the home and workplace environments significantly contribute 
to environmental tobacco smoke exposure in the United States. 
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EXPOSURE to environmental tobacco 
smoke (ETS) has been associated with 
acute and chronic health effects among 
nonsmokers. These effects include lung 
cancer, asthma, increased incidence of 
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respiratory infections, decreased pulmo¬ 
nary function, and cardiovascular dis¬ 
ease. 1 ' 6 Exposure to ETS may occur in 
the home, in the workplace, in social 
settings, and in public places. Data on 
the extent of exposure to ETS in the US 
population provide prevalence informa¬ 
tion for risk assessment and public health 
prevention strategies, identify popula¬ 
tion subgroups at increased risk for ex¬ 
posure to ETS, and provide baseline ex¬ 
posure levels that can be compared with 
future US population levels to evaluate 
the effectiveness of interventions aimed 
at reducing ETS exposure. Neverthe¬ 


less, data are scarce with which to es¬ 
timate the prevalence of ETS exposure 
in the US population and in population 
subgroups, such as children. 

In the first phase of the Third Na¬ 
tional Health and Nutrition Examina¬ 
tion Survey (NHANES III), examina¬ 
tion and interview data were collected 
from October 25, 1988, to October 21, 
1991, for a representative sample of the 
civilian, noninstitutionalized US popu¬ 
lation. The NHANES HI included ques¬ 
tions on tobacco use and on exposure to 
ETS at home and at work, as well as 
measurements of serum cotinine levels, 
Cotinine measurements in serum, urine, 
and saliva are commonly used as a mea¬ 
sure of exposure to tobacco smoke. 729 
Cotinine is the major metabolite of nico¬ 
tine and has a half-life of about 16 to 20 
hours. 11 * 9 Serum cotinine level reflects 
exposure to nicotine largely from tiie 
previous 1 to 2 days. We measured se¬ 
rum cotinine levels in NHANES III by 
means of a new analytic method based 
on liquid chromatography atmospheric- 
pressure chemical ionization tandem 
mass spectrometry. 31 

This study assessed the extent of ex¬ 
posure to ETS in the US population. 
Data from NHANES HI were analyzed 
to estimate the prevalence of reported 
ETS exposure at home and at work and 
to describe the determinants of serum 
cotinine levels among non-tobacco us¬ 
ers in a representative national sample. 

SUBJECTS AND METHODS 
Study Population and Sample Design 

Phase l of NHANES III was con¬ 
ducted from 1983 to 1991 by the Na¬ 
tional Center for Health Statistics of 
the Centers for Disease Control and Pre- 
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vention, Atlanta, Ga. 31 ® 2 The survey was 
designed to examine a nationally rep¬ 
resentative sample of the US civilian 
noninstitutionalized population based on 
a complex, stratified, multistage prob¬ 
ability cluster sampling design. The pro¬ 
tocol included a home interview followed 
by a physical examination in a mobile 
examination center. The study was ap¬ 
proved by the National Center for 
Health Statistics Institutional Review 
Board. 

Race/ethnicity based on self-report 
was categorized as non-Hispanic white, 
non-Hispanic black, Mexican American, 
or other. Age at the time of the inter¬ 
view was categorized as 2 months to 3 
years, 4 to 11 years, 12 to 16 years, 17 
to 19 years, 20 to 29 years, 30 to 39 
years, 40 to 49 years, 50 to 59 years, 60 
to 69 years, or 70 or more years. Edu¬ 
cational level for adults was categorized 
as less than 12,12, or greater than 12 
completed years of schooling. Region 
based on the US census definitions was 
categorized as northeast, central, south, 
or west. Marital status was categorized 
as single, married (including living as 
married), or previously married (wid¬ 
owed, divorced, or separated). Urban¬ 
ization, based on US census definitions 
of central city and standard metropoli¬ 
tan statistical area, was categorized as 
standard metropolitan statistical area- 
central city, standard metropolitan sta¬ 
tistical area-non-central city, or non¬ 
standard metropolitan statistical area. 
Adults who reported that they currently 
held a job or had a business were con¬ 
sidered to be current members of the 
workforce. Alcohol consumption was 
based on self-report. Number of drinks 
per week was used as a continuous 
variable. 

Serum cotinine was measured for per¬ 
sons aged 4 years and older in NHANES 
III. A total of 16919 persons aged 4 
years and older were selected and eli¬ 
gible to participate in the first phase of 
NHANES III. Of those selected, 14269 
(84.3%) were interviewed; of those in¬ 
terviewed, 12678 (88.6%) were exam¬ 
ined, and of those examined, 10642 
(83.9%) had serum cotinine measure¬ 
ments taken, for an overall response rate 
of 62.9% (10642/16919). 

Reported data on ETS exposure in 
the home were available for 3185 chil¬ 
dren aged 2 months to 3 years, 3011 
children aged 4 to 11 years, and 878 
adolescents aged 12 to 16 years. Among 
adults aged 17 years and older, 9744 had 
information on tobacco use and ETS ex¬ 
posure at home or work. Of respondents 
with complete information on tobacco 
use and ETS exposure, serum cotinine 
measurements were available for 1793 
children aged 4 to 11 years, 737 adoles- 
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cents aged 12 to 16 years, and 7740 adults 
aged 17 years and older. 

We analyzed the possibility of bias in 
mean serum cotinine levels of non-to¬ 
bacco users resulting from nonresponse 
according to a method used in other 
NHANES surveys. 3 * 31 The analysis con¬ 
sidered major demographic character¬ 
istics (sex, race/ethnicity, urban status, 
region, marital status, education) and 
other related variables (alcohol consump¬ 
tion, number of smokers in the home, 
hours exposed to ETS at work). No bias 
in mean cotinine levels resulting from a 
differential in response rates was found. 

Reported Tobacco Use 
and ETS Exposure 

Respondents aged 17 years and older 
were questioned about tobacco use on 2 
separate occasions. As part of an inter¬ 
view conducted in the household, re¬ 
spondents aged 17 years and older, who 
reported that they had smoked at least 
100 cigarettes in their lifetime, were 
asked whether they currently smoked 
cigarettes. Respondents were also asked 
whether they currently used other forms 
of tobacco (cigars, pipes, snuff, or chew¬ 
ing tobacco). A second, private inter¬ 
view was conducted during the exami¬ 
nation in the mobile examination center, 
which usually occurred 2 to 3 weeks af¬ 
ter the household interview. In this in¬ 
terview, all respondents, including those 
who had not reported any tobacco use in 
the household interview, were ques¬ 
tioned about their use of cigarettes, ci¬ 
gars, pipes, snuff, chewing tobacco, and 
nicotine gum during the past 5 days. 
Respondents aged 8 to 16 years were 
questioned about tobacco use only in the 
mobile examination center. Respondents 
younger than 8 years were not asked 
about tobacco use. 

Reported exposure to ETS at home 
and at work was defined on the basis of 
the following questions. For each house¬ 
hold participating in the survey, 1 mem¬ 
ber of the household was asked whether 
any of the household members smoked 
cigarettes in the home, and if so, how 
many cigarettes per day were smoked 
in the home. If any household member 
smoked, then each member of that house¬ 
hold was classified as being exposed to 
ETS at home. Adults aged 17 years and 
older who reported having a job or busi¬ 
ness were asked how many hours per 
day they were close enough to tobacco 
smoke at work so that they could smell 
the smoke. No questions were asked 
about smoking by visitors to the home 
or about exposure to ETS in other set¬ 
tings, such as at social gatherings Or in 
public places. 

During the examination, trained di¬ 
etary interviewers collected detailed in¬ 


formation about dietary intake on the 
previous day for all participants using 
the 24-hour recall method, in which the 
respondent is asked to recall and quan¬ 
tify all items of food and drink ingested 
on the day before the examination. In¬ 
formation was extracted from the di¬ 
etary database on the weight (in grams) 
of potatoes, tomatoes, eggplant, cauli¬ 
flower, and green peppers, either as 
separate items or as ingredients in mixed 
dishes, and on the quantity of iced tea 
and brewed tea consumed. These foods 
are those previously reported in at least 
1 study to have measurable levels of 
nicotine. 3036 ’ 37 

Serum Cotinine Measurements 

During the examination in the mobile 
examination center, blood samples were 
drawn for serum cotinine analysis. The 
analytic method, which used high-per¬ 
formance liquid chromatography atmo¬ 
spheric-pressure chemical ionization tan¬ 
dem mass spectrometry, is described 
elsewhere. 38 Briefly, serum samples are 
equilibrated with a methyl-D a cotinine 
internal standard, deproteinized, ba- 
sified, and extracted with methylene 
chloride. The final extracts are concen¬ 
trated, injected on to a 3-n.m €18 col¬ 
umn, and eluted isocraticafly with metha¬ 
nol-ammonium acetate as the mobile 
phase. The eluant is monitored by at¬ 
mospheric-pressure chemical ionization 
tandem mass spectrometry, and the m/z 
80 daughter ion from the m/z 177 pseudo- 
molecular ion is quantitated, along with 
additional ions for the internal standard 
and for confirmation. The accuracy base 
for the cotinine measurements was a 
cotinine perchlorate standard obtained 
from the National Institute of Standards 
and Technology, Gaithersburg, Md. The 
limit of detection for this cotinine 
analytic method is 0.050 ng/mL, calcu¬ 
lated at the 3 sigma level by standard 
methods. 3910 

Data Analysis 

and Statistical Methods 

For univariate analyses, we calculated 
geometric mean values of serum coti- 
nine for non-tobacco users by age, sex, 
race/ethnicity, number of smokers in the 
house, number of hours exposed at work, 
and exposure categories. Multiple re¬ 
gression analysis included forward and 
backward stepwise variable selection 
procedures as well as separately con¬ 
structed models that included variables 
expected to be significantly associated 
with ETS exposure. Separate regres¬ 
sion analyses were performed for age 
groups 4 to 11 years, 12 to 16 years, and 
17 years and older. Serum cotinine was 
log-transformed to reduce the skewness 
in its distribution. To exclude cotinine 
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levels that may have been the result of 
active smoking, univariate and regres¬ 
sion analyses included only respondents 
who reported no tobacco use and whose 
serum cotinine levels were less than or 
equal to 15 ng/mL, Analyses were re¬ 
peated with a serum cotinine cutoff of 10 
ng/mL, with minimal difference in re¬ 
sults (not shown). 

The dependent variables in the re¬ 
gression models can be classified into 3 
groups: reported ETS exposure vari¬ 
ables (number of smokers in the home, 
number of hours exposed at work), so¬ 
ciodemographic and behavioral variables 
(age, gender, race/ethnicity, urbaniza¬ 
tion, geographic region, household size, 


number of rooms in the home, educa¬ 
tional level, marital status, alcohol 
consumption), and dietary variables 
(reported consumption of tomatoes, po¬ 
tatoes, eggplant, cauliflower, green pep¬ 
pers, instant tea, and brewed tea). So¬ 
ciodemographic and behavioral variables 
were included as indicators of lifestyles 
that may have different levels of ETS 
exposure in contexts that were not rep¬ 
resented by the home and work ETS 
exposure variables. Hours exposed at 
work, educational level, marital status, 
and alcohol consumption were available 
only for adults aged 17 years and older. 

To get an approximate estimate of 
the mean effect of diet on serum coti¬ 


nine levels, the full regression models 
for each age group, including all vari¬ 
ables regardless of statistical signifi¬ 
cance, were used. We set the diet vari¬ 
ables equal to zero if nonmissing and 
used the coefficients from the full model 
to score the resulting data set and cal¬ 
culate a predicted value for each indi¬ 
vidual (predicted as if they had eaten 
none of these foods). The estimated geo¬ 
metric mean contribution of diet was 
calculated as the difference between geo¬ 
metric means of the measured cotinine 
levels and the cotinine levels predicted 
by zeroing out the dietary variables. 

Statistical analyses were carried out 
using SAS« and SUDAAN5 All analy¬ 
ses incorporated sampling weights that 
adjusted for unequal probabilities of se¬ 
lection. Serum cotinine levels less than 
the limit of detection were assigned a 
level of half the limit of detection for 
parametric estimates. Standard errors 
were calculated using SUDAAN, a pro¬ 
gram that adjusted for the complex 
sample design for calculating variance 
estimates. Based on the number of strata 
in the sample, 95% confidence intervals 
(Cls) were constructed by means of a 
i statistic with 23 df. 

RESULTS 

Reported Exposure to ETS 
at Home and Work 

The estimated prevalences of reported 
ETS exposure at home and of reported 
tobacco use for children and adolescents 
aged 2 months to 6 years in the US 
population are given in Table 1. Within 


Table 1.—Percentage ol Persons With Reported Tobacco Use and Reported Exposure to ETS by Sex and 
Age for Children and Adolescents Aged 2 Months to 16 Years; United States, 1098-1991* 

Reported NO Tobacco Uie, % 
i r 


Sax and Age 

Sampl* Sit* 
(Unweighted) 

No Reported 
Horn* ETS 
Expoftur* 

Reported 

Horn* ETS 
Expo* u ref 

Reported 

Tobacco 

Us*,%t 

All 

2 mo-3 y 

3185 

59.2 

40,8 


4-11 y 

3011 

56.3 

43.6 

0.1 

12-16 y 

883 

52.4 

35.7 

it.9 

Males 

2 mo-3 y 

1547 

61.4 

38.6 


4-11 y 

1493 

57.5 

42.3 

0.Z 

12-16 y 

425 

52 3 

33.9 

13.9 

Females 

2 mo-3 y 

1638 

569 

43.1 


4-11 y 

1518 

55.0 

45,0 

0.1 

12- tfl y 

458 

52,5 

37.e 

9,9 


*ETS indicates environmental tobacco smoke. Rows may not add to 100% because ol rounding. 
fBased on reported smoking in the home by members of the household. 

{Children younger than 8 years were not asked about use of tobacco products, Tobacco products incfude 
cigarettes, cigars, pipes, snuff, chewing tobacco, and nicorin© gum. 


Table 2.—Percentage of Persons With Reported Tobacco Use and Reported Exposure to ETS by Sex and Aga for Adults t7 Years of Age end Older: United States, 
1908-1991 * 


Reported No Tobacco Uee, % 


Sax and Aga, y 

Sample Size 
(Unweighted) 

No Reported 
Mom* or Wort, 

ETS Expoaura 

Reported 

Home ETS 
Exposure Only 

Reported 
WorkETS 
Exposure Only 

Reported 

Rome and Work 

ETS Exposure 

Raported 
Tobacco Usa, % 

All 

9769 

38.8 

7.7 

12.4 

3.1 

38.0 

Males 

^17 

4863 

3D.6 

6.2 

14.8 

2.6 

45.3 

17-19 

296 

26.8 

16.7 

13.0 

6.5 

36.7 

20-29 

917 

22.6 

7.3 

15.2 


52.2 

30-39 

623 

26.2 

3.9 

17.9 

2.3 

49.7 

40-40 

672 

24,8 

3.7 

18.8 

2.B 

49.9 

SQ-S9 

524 

29.5 

48 

17.7 

4.8 

43.3 

60-69 

634 

4B.3 

7.5 

9.1 

1.2 

33.9 

2:70 

998 

62.5 

68 

2.1 

03 

28.4 

Females 

*17 

4906 

46.0 

9.2 

10.1 

3,4 

31.3 

17*19 

308 

38.1 

16.1 

8.8 

5.9 

311 

20-29 

By 3 

32.7 

ioi 

14.7 

4.7 

37.6 

30*39 

639 

41.1 

7.3 

11.6 

4.3 

36.4 

40-49 

644 

39.9 

9,5 

14,6 

4.7 

32.0 

50-59 

502 

43.4 

11.4 

11.2 

2.5 

31.5 

60-69 

661 

62.7 

6.1 

4.6 

06 

25.a 

<=70 

105(T 

76.6 

7.4 

6.3 

0.0 

15.5 


*ETS indicates environmental tobacco smoke. Tobacco products included cigarettes, cigars, pipes, snuff, chewing tobacco, and nicotine gum. 
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Table 3.—Percentage of Non-Tobacco Users With Reported Exposure to ETS at Home by AgB and 
Number of Household Members Who Smoke Cigarettes in the Home; United States, 1983-1991* 


Ago 

Sample Star 
(Unweighted) 

% of Non-Tobacco U«r# by No, of Household 
Members Who Smoke In the Home 

\ 

1 

2 

I 

>2 

AH 

4106 

69.1 

26.2 

4.7 

2 mo-3 y 

1323 

62.6 

33.9 

3.5 

4-11 y 

1258 

61.8 

34.4 

3,9 

12-16 y 

328 

83.2 

33.7 

31 

2:17 y 

1199 

77.6 

16.4 

6,0 

*ET5 Indicates anvironmenla! tobacco smoke. Rows may not add to 100% because of rounding. 



Figure 1.—Distribution of serum cotlnine levels in the US papulation aged 4 years and older: Third National 
Health and Nutrition Examination Survey, October 25,1989, to October 21, 1991. 


each age group, the proportion with re¬ 
ported ETC exposure was slightly higher 
for females than males. The prevalence 
of non-tobacco users with ETS expo¬ 
sure was lower among adolescents. For 
agea 2 months to 11 years, the preva¬ 
lence of reported ETS exposure at home 
was 43%. 

The estimated prevalences of reported 
ETS exposure at home or at work and 
of reported tobacco use are given in 
Table 2 by age and sex for adults aged 
17 years and older in the US population. 
Of adult non-tobacco users, 37.4% re¬ 
ported exposure to ETS at home or at 
work, with the percentage of males 
(43.5%) being somewhat higher than that 
of females (32.9%). The prevalence of 
reported ETS exposure among non-to- 
baeco users was 36.9% for non-Hispanie 
blacks, 37.4% for non-Hispanic whites, 
and 35.1% for Mexican Americans. Of 
working adults who were non-tobacco 
users, 47.7% reported exposure to ETS 
at home or at work. For non-tobacco 
users who were exposed to ETS at work, 
the mean duration of exposure was 4.4 
hours. 

Some characteristics of household ex¬ 
posure to ETS among non-tobacco us¬ 
ers are given by age group in Table 3. 
This table shows smoking by household 
members only. Of those exposed to 
smoke in their homes, most had only 1 


household member who smoked in the 
home. Only 4.7% of persons exposed to 
ETS at home had more than 2 smokers 
in the household. 

Univariate Analyses of 
Serum Cotlnine Levels 
Among Non-Tobacco Users 

A plot of the distribution of serum 
cotinine levels on a log scale for all re¬ 
spondents aged 4 years and older is 
shown in Figure 1. The distribution on 
a log scale was bimodal, with a separa¬ 
tion between 2 peaks at a serum coti¬ 
nine level of approximately 10 to 15 ng/ 
mL. Serum cotinine results are shown 
separately in Figure 2 for 3 groups on 
the basis of self-reported tobacco use 
and exposure: (1) non-tobacco users with 
no home or work ETS exposure, (2) non¬ 
tobacco users with home or work ETS 
exposure, and (3) tobacco users. The dis¬ 
tributions of cotinine levels for non-to- 
baeeo users and tobacco users showed 
little overlap. Among non-tobacco us¬ 
ers, those who reported exposure tended 
to have higher levels of serum cotinine 
than did those with no reported expo¬ 
sure. Of persons who reported they were 
non-tobacco users, 87.9% had detect¬ 
able levels of cotinine in their serum. Of 
tobacco users and non-tobacco users con¬ 
sidered together, 91.7% had detectable 
levels of cotinine. 


Geometric mean serum cotinine lev¬ 
els with CIs are given in Table 4 for 
population groups categorized hy home 
and work exposure, age, and working 
status. Number of smokers in the home 
and number of hours exposed at work 
were significantly and positively re¬ 
lated to serum cotinine levels. Within 
each of the 3 age groups, cotinine levels 
were higher in persons with reported 
home ETS exposure than in those with 
no reported home or work ETS expo¬ 
sure. In working adults, cotinine levels 
were highest in the home and work 
exposure group, followed by home ex¬ 
posure only, work exposure only, and no 
home or work exposure. Among age 
groups, the serum cotinine levels were 
similar in the category of no home or 
work exposure but tended to decline in 
the home exposure category as age 
increased. 

Geometric mean serum cotinine lev¬ 
els among non-tobacco users decreased 
with increasing age: 4 to 11 years, 0.297 
ng/mL (95% Cl, 0.241-0.367 ng/mL); 12 
to 16 years, 0.248 ng/mL (95% Cl, 
0.191-0.322 ng/mL); and 17 years and 
older, 0.205 ng/mL (95% Cl, 0.180-0.233 
ng/mL). Overall, levels for females 
(0.193 ng/mL; 95% Cl, 0.166-0.223 ng/ 
mL) were lower than for males (0.261 
ng/mL; 95% Cl, 0.228 to 0.299 ng/mL). 
Non-Hispanic blacks had higher coti¬ 
nine levels (0.408ng/mL; 95%. Cl,0.322- 
0.517 ng/mL) than non-Hispanic whites 
(0.207 ng/mL; 95% Cl, 0.180-0.239 ng/ 
mL) or Mexican Americans (0.163 ng/ 
mL; 95% Cl, 0.130-0.239 ng/mL). These 
variations in mean serum cotinine levels 
among non-tobacco users by age, gen¬ 
der, and race-ethnic group were similar 
to the patterns of variation in the preva¬ 
lence of reported ETS exposure among 
non-tobacco users. 

Multivariate Analyses of 
Serum Cotinine Levels 
Among Non-Tobacco Users 

Multiple regression models were used 
to estimate the effects of reported home 
and work exposure on serum cotinine 
levels in non-tobacco users after adjust¬ 
ing for sociodemographic and behavioral 
variables and for dietary intake. We also 
used multiple regression to examine the 
association of cotinine levels with con¬ 
sumption of food previously reported to 
contain trace levels of nicotine. Regres¬ 
sion results from the final models are 
given by age group in Table 5. 

Exposures to ETS at home and at 
work were significantly and consistently 
associated with serum cotinine levels 
and accounted for most of the explained 
variance in the regression models. Some 
sociodemographic and behavioral vari¬ 
ables were also significantly associated 
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Figure 2.—Distribution of cotlnire levels in the US population aged 4 years and older by reported environ¬ 
mental tobacco smoke (ETS) exposure and tobacco use: Third National Health and Nutrition Examination 
Survey, October 25,1988, to October 21.1991 


with Berum cotinine levels. None of the 
dietary factors was consistently associ¬ 
ated with Berum cotinine levels across 
the 3 age groups. Amount of bell pep¬ 
pers consumed was significant for chil¬ 
dren only, and amount of potatoes con¬ 
sumed was significant for adolescents 
only. None of the foods was significant 
in the regression for adults. Compari¬ 
sons of models with and without the 
dietary variables showed that the group 
of dietary variables explained less than 
2% of the variance of serum cotinine 
level. Within each age group, the esti¬ 
mated geometric mean contribution of 
dietary intake to serum cotinine level, 
based on the regression models, was leas 
than 0.020 ng/mL. 


COMMENT 

Exposure to ETS has been identified 
as a health hazard for adults and chil¬ 
dren. Data from NHANES III {1988- 
1991) provide the first opportunity to 
estimate the extent of exposure to ETS 
in the US population on the basis of 
questionnaire data and of serum coti¬ 
nine measurements in a large represen¬ 
tative national sample. The question¬ 
naire data from NHANES III showed 
that 43% of US children are exposed to 
smoking by household members. OF the 
adult non-tobacco-using population, 37% 
reported home or work exposure to ETS. 
Serum cotinine measurements showed 
even more widespread exposure to nico¬ 


tine in the population. Of persons who 
were non—tobaceo users, 87.9% had de¬ 
tectable levels of cotinine. The most 
likely source of these detectable levels 
of cotinine is exposure to ETS. As dis¬ 
cussed further below, any contributions 
of underreporting of smoking status or 
of dietary nicotine seem to be minimal. 
Thus, the NHANES III data indicate 
widespread exposure to ETS in the US 
population. 

The findings from NHANES III are 
generally consistent with findings from 
other, more limited studies. Although 
differences in methods and differences 
in detection limits preclude detailed com¬ 
parisons, the NHANES III serum co¬ 
tinine data for nonsmokers are consis¬ 
tent with the findings of several other 
large population studies in which serum 
cotinine has been measured. In the 
CARDIA study, the median serum co¬ 
tinine level for 3300 nonsmoking US 
young adults aged 18 to 30 years was 
below the limit of detection (2.0 ng/mL) 
of their analytic method/ The median 
level of cotinine for non-tobacco users 
in NHANES III, for which the detec¬ 
tion limit was 0.050 ng/mL, was also 
below' 2.0 ng/mL. In the Scottish Heart 
Health study, serum cotinine levels of 
1870 men and 2265 women aged 40 to 59 
years were compared with self-reported 
perception of ETS exposure, categorized 
as “none," “a little,” “some," and “a lot.”’ 9 
Median levels in these categories for 
nonsmoking men were 0.5 ng/mL in the 
“a little" category' and 1.9 ng/mL in the 
“some” category" the corresponding val¬ 
ues for women were at the detection 
limit in the “a little” category and 0.7 
ng/mL in the “some” category'. The 
median cotinine level for adults in 
NHANES III who reported any ETS 
exposure at home or work was 0.52G 
ng/mL, a level between the median val¬ 
ues for the exposure categories “a 
little” and “some.” 

Measurements of serum cotinine sup¬ 
ported the validity of the reports of ETS 
exposure in NHANES III. In every age 
group, those with reported ETS expo¬ 
sure showed higher levels of serum co¬ 
tinine than those with no reported ETS 
exposure. In multiple regression models, 
reported exposure was highly signifi¬ 
cantly associated with serum cotinine 
levels even after adjusting for age, so¬ 
ciodemographic factors, behavioral vari¬ 
ables, and dietary intake. A high per¬ 
centage of the variance in serum cotinine 
levels among non-tobacco users was ex¬ 
plained by reported ETS exposure. 

Most of the non-tobacco-using popu¬ 
lation, including those who reported no 
exposure to ETS at work or from smok¬ 
ing by household members, had detect¬ 
able levels of serum cotinine. indicating 
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Tfeble 4.— Geometric Mean Cotinine Levels in Non-Tobacco Users by Home and Work ETS Exposure: 
NHANES III, 1988-1991* 



Sample Size 
(UnweEghtod) 

Geometric Mean 
Cotinine, ngfmL 

QVfy Confidence 
Interval 

Wo. or smokers In home 

0 

5362 

0.149 

0.134*0.165 

1 

1349 

0.734 

0.621'0-867 

>1 

600 

1.24 

1.07-1.43 

No. of hours exposed al work 
far ages &17 y 

0 

3861 

0.163 

0.144-0.185 

1-3 

487 

0.33B 

0.293-0.390 

>3 

533 

0.466 

0.397-0.552 

Ages 4-1 1 y 

No horns ETS exposure 

1071 

0.119 

0-101-0.140 

Homo ETS exposure only 

713 

1.14 

0.978-1.34 

Ages 12-16 y 

No hams ETS exposure 

279 

0.113 

0.097-0.154 

Home ETS exposure only 

260 

0.803 

0.622-1.04 

Ages si 7 y 

No homo ar work ETS exposure 

3154 

0.124 

0.111-0,138 

Home ETS exposure only 

722 

0.700 

0.586-0.835 

Ages 5:17 y (workers only) 

No home or work ETS exposure 

1332 

0.132 

0.118-0.149 

Work ETS exposure only 

779 

0.318 

0.285-0.356 

Home ETS exposure only 

315 

0.651 

0.523-0.811 

Home and work ETS exposure 

246 

0.926 

0.761-1.13 


*ETS Indicates environmental tobacco smoke; NHANES, National Health and Nutrition Examiialion Survey. 

Table 5.-—Regression Coefficients ami SEs for Variables Significantly Associated With Log Serum Cctinine 
Levels From Final Multivariate Models for Non-Tobacco Users; NHANES III, 198B-1991* 


Regression Coefficient (SB) by < 


Variable 

1 

4-11 

12-15 

1 

5:17 

Intercept 

-0.332(0.098) 

-0.390 (0.145) 

-0.639 (0.066) 

No. of smokers In Household 

0.543t (0.023) 

0.4?_fit (0.041) 

0_393f (0.021) 

No. of hours of ETS exposure at work 

...* 

...t 

0.039t (0.005) 

Age (centered) 

-0.035! (0 009) 


—0.004T (0.001) 

Male sex 



0.156 i (0.019) 

Nen-Hispanic black§ 

0.190t (0.036) 


0.178t (0.038) 

Mexican American! 

-0.137)1 (0.062) 


-0.1581' (0.047) 

No. of rooms in house 

-0.0551 (0.013) 

-0.066t (0.018) 

-Q.blG|! (0.007) 

Household size 

-O.O30j| (0.011) 


—0.025) j (0.007) 

Western USTi 


-0.2321'. (0.CS9) 

-0.15811 (0.047) 

Posl-htgh school educations 



- 0.126t (0.019) 

Separated, widowed, or divorced** 



0.1 Of H (0.032) 

Frequency of drinking beer/mo 



0.004t (0.001) 

Amount of bell peppers consumed/! 00 g 

0.0951 (0.262) 



Amount of potatoes consutnsd/ICO g 

, . • 

0.06511(0.031} 

... 

Unweighted sample size 

1691 

627 

4626 

R 2 

0.55 

0.97 

0.34 


*NHAN£$ indicates National Health and Nutrition Examination Survey; ETS, environmental tobacco smoke. 
tPrS.OOI. 

(Ellipses indicate regression coettlrteni was P>.0S. 

^Compared wilb nori-Hispanlc whites. 

5.001 CP 5 . 0 S. 

IfComparad with persons in the northeast United States. 
rtCampared with poisons not compteling high school. 

“Compared with persons never married. 


even more widespread exposure to nico¬ 
tine than reflected by the questionnaire 
data. It is unlikely that the finding of 
widespread exposure to nicotine among 
non-tobacco users resulted from under¬ 
reporting of tobacco use. The propor¬ 
tion of persons who reported no tobacco 
use but had serum cotinine levels above 
15ng/mlv was small (only 1.3% for adults 


and 2.6% for adolescents), suggesting 
that underreporting of tobacco use would 
have minimi effect on the results. 

It is also unlikely that the finding of 
widespread exposure to nicotine among 
non-tobacco users resulted from dietary 
nicotine. In other reports, the effects of 
diet on serum and urine cotinine levels 
have been predicted by modeling of some 


food nicotine measurements and assump¬ 
tions about ingestion, uptake, and excre¬ 
tion of cotinine. The modeling methods, 
assumptions, and results are subjects of 
disagreement. 35 '* 31 ®- 44 The NHANES HI 
data analysis examined the relationship 
of dietary consumption of these food items 
to measured cotinine levels rather than 
cotinine levels predicted by models. 

Multiple regression models showed no 
consistent associations between serum 
cotinine levels and consumption of any 
of the foods that are reported in the 
literature to contain trace levels of nico¬ 
tine. Because this estimate was made 
with the use of many positive nonsig¬ 
nificant terms in the model, it is likely to 
be biased upward and to overestimate 
the mean dietary contribution. Thus, the 
NHANES III data indicate that the di¬ 
etary contribution to serum cotinine, if 
any, is extremely small and the wide¬ 
spread exposure to nicotine in the US 
population is unlikely to result from di¬ 
etary intake of nicotine. 

The most likely souree of the wide¬ 
spread nicotine exposure reflec ted in se¬ 
rum cotinine levels is ETS exposure from 
reported home and work exposures as 
well as exposures to ETS not captured 
by the questions on home and work ex¬ 
posing. The questionnaire data did not 
address all possible sources of ETS ex¬ 
posure. Questions were asked about 
household members who smoked in the 
home, but not about smoking by guests 
and visitors to the household. No ques¬ 
tions were asked about exposure to ETS 
in public places, in social settings, dur¬ 
ing transportation, or in other nonwork, 
nonhome locations, and no questions 
were asked about recent ETS exposure 
in general. In addition, respondents may 
not be aware of some ETS exposure 
that may have occurred at homeorwork, 

Serum Cotinine Levels 

Cotinine levels in non-tobacco users 
varied by age, race/ethnicity, sex, and 
other sociociemographic and behavioral 
characteristics. Cotinine levels were gen¬ 
erally higher among children than among 
adults, among non-Hispanie blacks than 
among non-Hispanic whites and Mexi¬ 
can Americans, and among males than 
among females. The race/ethnicity dif¬ 
ferences observed in the univariate 
analyses persisted in the multivariate 
analyses fotr children and adults but not 
for adolescents. In the CARD l A study 
ofyoung adults, nonsmoking blacks were 
also found to have higher cotinine levels 
than nonsmoking whites, although in 
that study the difference did not persist 
after adjustment for self-reported ETS 
exposure. 8 In a study of 38 children, 46 
black children were found to havehigher 
serum cotinine levels than white chil- 
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dren, and this difference persisted after 
adjustment for number of smokers in 
the household. Recent data 155 suggest 
that blacki! metabolize cotinine more 
slowly tharii whites, which could also help 
account for higher levels among blacks. 

Cotinine levels were higher among 
males than among females only for adults 
aged 17 years and older. These findings 
are consistent with what has been found 
in at least 2 previous studies. 81 " Male 
sex may be a surrogate for sources of 
ETS exposure that are not captured by 
responses to questions on home and work 
exposures. Such sources of ETS expo¬ 
sure could include social settings, res¬ 
taurants, visitors who smoke in the 
home, and exposure during transporta¬ 
tion. It is also possible that men may 
metabolise or excrete cotinine differently 
than women, although this second pos¬ 
sibility seems unlikely, since male chil¬ 
dren and male adolescents did not have 
higher cotinine levels than females after 
adjustment for self-reported home and 
work ETS exposure. 

The study indicates that behavioral and 
sociodemographie variables were also sig¬ 
nificantly associated with serum cotinine 
levels. The number of rooms in the house 
was negatively related to cotinine level 
in all 3 age groups, which may reflect the 
increased likelihood of exposure because 
of restricted space in smaller homes or 
may be a marker for socioeconomic sta¬ 
tus. Regional differences observed may 
be the result of differences in smoking 
prevalence or valuations in regulations 
regarding smoking at work or in public. 
For adults, serum cotinine levels de¬ 
creased with increasing years of educa¬ 
tion, a finding that has been noted by 
others. 8 Marital status classified as sepa¬ 
rated, widowed, or divorced was associ¬ 
ated with higher levels of cotinine, and 
increased beer drinking per month was 
positively associated with cotinine lev¬ 
els, These 2 characteristics may be re¬ 
lated to increased opportunity for ETS 
exposure outside of the home. 

ETS Exposure at Home and Work 
The prevalence of reported exposure 
to ETS at home was higher among chil¬ 
dren than among adult non-tobacco us¬ 
ers. confirming the importance of smok¬ 
ing in the home in determining the extent 
to which children involuntarily inhale 
the tobacco smoke of others. More than 
40% of children aged 4 to 11 years re¬ 
ported home ETS exposure. This find¬ 
ing is similar to what has been reported 
among children in other communities in 
the United States. For example, the 1988 
National Health Interview Survey data 
showed that 42.5% of children aged 5 
years and younger were exposed to a 
smoker in their households.’ 15 


Various studies have documented 
nicotine levels at home and in the work¬ 
place. Nicotine Levels ranging from 1 to 
10.3 mg/rii 3 have been measured in in¬ 
door public places. 47 Home levels 4 ” have 
been measured between 7.61 and 14.60 
pg/rn'V and levels in 4 cars were mea¬ 
sured between 7.73 and 83.13 pg/in 3 . A 
median nicotine concentration of 8.6 gg/ 
nf ! was found in open offices at work¬ 
sites that allowed smoking. 45 

More than 23% of the US population 
of adults aged 17 years and older re¬ 
ported home or work ETS exposure. 
Among adult non-tobacco users, the 
prevalence of reported exposure to ETS 
at work was greater than that of the 
prevalence of reported exposure to ETS 
at home. In the California Activity Pat¬ 
tern Survey (1987-1988), researchers 
found that time spent at work was highly 
correlated with ETS exposure. 3 '’ Addi¬ 
tional studies have indicated that the 
workplace is a major source of ETS ex¬ 
posure, especially among nonsmokers 
who are not exposed at home. 81 - 61 In our 
study, the prevalence of reported expo¬ 
sure at work was higher than the preva¬ 
lence of reported exposure at home. Se¬ 
ram cotinine levels were higher in those 
with reported ETS exposure at home 
only than in those with reported ETS 
exposure at work only. The highest co¬ 
tinine levels among non-tobacco users 
were found in those who reported home 
and work exposure. 

The regression models showed that 
the number of smokers in the home and 
number of hours exposed to ETS in the 
workplace were both significant, ac¬ 
counting for most of the explained vari¬ 
ance in serum cotinine in each model. 
This finding is consistent with other 
studies. 7521 

Strengths and Limitations 
of This Study 

These data come from a large national 
sample of individuals who are represen¬ 
tative of the US civilian nonmstitution- 
afized population. We measured serum 
cotinine by a highly sensitive analytic 
method with the lowest limit of detec¬ 
tion reported to date in the literature 
(0.050 ng/mL). One limitation of this 
study is that it depends in part on self- 
reported tobacco use, which may be un¬ 
derreported. However, comparisons of 
serum cotinine data with self-reported 
tobacco use suggested that underreport¬ 
ing was minimal. The use of the number 
of smokers in the household tis an indi¬ 
cator of ETS exposure at. home does not 
account for other factors that influence 
ETS exposure at home, such as room 
ventilation, duration of exposure, and 
proximity to smokers. Nevertheless, re¬ 
gression results showed the number of 


smokers in the household to be a strong 
predictor of serum cotinine levels. An¬ 
other limitation is that questions did not 
cover all sources of possible ETS expo¬ 
sure, Dietary data were collected using 
a 24-hour recall of foods eaten the pre¬ 
vious day rather than during the pre¬ 
vious several days, which might more 
completely reflect dietary intake. 

Public Health Implications 

The NH ANES III data indicate wide¬ 
spread exposure to ETS in the popula¬ 
tion. Exposure to ETS has been asso¬ 
ciated with increased riskfor lung cancer 
and cardiovascular disease among adults 
and with impaired lung function and res¬ 
piratory problems among children. Many 
of these studies are based on reported 
exposure rather than on measured se¬ 
rum cotinine levels. The NHANES HI 
data suggest that there may be consid¬ 
erable exposure even within the com¬ 
parison groups in studies of the effects 
of ETS. If so, these studies may under¬ 
estimate risk from ETS exposure. 

These cotinine levels reflect the 
amount of exposure to tobacco smoke 
and its toxic constituents. Further re¬ 
search is needed to define better the 
degree of health risk associated with 
specific levels of serum cotinine. 

The bimodal cotinine distribution in 
Figure 1 provides a biochemical char¬ 
acterization of the exposure of the US 
population to tobacco smoke. Analysis 
of serum cotinine levels from N HAN E S 
III indicates that 91.7% of the US popu¬ 
lation aged 4 years and older have de¬ 
tectable levels of cotinine, presumably 
from active smoking or exposure to ETS. 
The NHANES III serum cotinine mea¬ 
surements provide an objective and 
quantitative baseline against which se¬ 
rum cotinine measurements in future 
surveys can be compared, to monitor 
trends in population exposure to tobacco 
smoke and to assess the effectiveness of 
public health actions to reduce smoking 
and exposure to environmental tobacco 
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